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@ Apparatuses provided for performing a method 
for detecting and correcting errors in one clock cycle 
that occur during arithmetic operations of at least 
two operands. Specifically, two operands are op- 
erated on to obtain a result. The digits of the result 
are added to one another. This adding step is re- 
peated until a first single digit is achieved. The digits 
of each of the operands are added to one another to 
obtain an intermediate sum. The digits of the inter- 
mediate sum, in turn, are added to one another. 
Once again, this operation is repeated until a second 
single digit is achieved. The first single digit number 
is compared with the second single digit number 
and a signal indicative of error is generated if the 
comparison is unsuccessful. 

In order to correct the error/the digits of each of 
the operands are added to one another to obtain an 
intermediate sum. Sequentially, a digit is subtracted 
from the partial sum of the remaining digits of each 
of the operands. The results of the subtraction for 
each operand are added to one another at the end of 



each sequential cycle to obtain a set of arguments, 
each of which is subtracted from the intermediate 
sum to obtain a set of partial differences. The partial 
differences are concatenated to obtain a transitional 
value. By eliminating certain digits, a correct value of 
the arithmetic operation is obtained. 
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© Error detection and correction systems. 

@) Apparatus is provided for performing a method for detecting and correcting errors in one clock cycle that 
occur during arithmetic operations of at least two operands. Specifically, two operands are operated on to obtain 
a result The digits of the result are added to one another. This adding step is repeated until a first single digit is 
achieved The digits of each of the operands are added to one another to obtain an intermediate sum. The digits 
of the intermediate sum, in turn, are added to one another. Once again, this operation is repeated until a second 
single digit is achieved. The first single digit number is compared with the second single digit number and a 
signal indicative of error is generated if the comparison is unsuccessful. 

In order to correct the error, the digits of each of the operands are added to one another to obtain an 
^intermediate sum. Sequentially, a digit is subtracted from the partial sum of the remaining digits of each of the 
^operands. The results of the subtraction for each operand are added to one another at the end of each 
^-sequential cycle to obtain a set of arguments, each of which is subtracted from the intermediate sum to obtain a 
Jgset of partial differences. The partial differences are concatenated to obtain a transitional value. By eliminating 
certain digits, a correct value of the arithmetic operation is obtained. 
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ERROR DETECTION AND CORRECTION SYSTEMS 

The present invention relates to an error detection and correction system and, more particularly, to a 
system for detecting and correcting calculation errors that occur in a computer processor or an arithmetic 
logic unit (ALU). 

In the field of computer technology, much effort has been expended in attempting to improve and 
5 ensure integrity of data processing. Specifically, whenever data is transferred from one component of a 
computer system to another and whenever data is mathematically manipulated, there is a risk that resulting 
data will be inaccurate. In certain high performance computing systems, the risk is increased by the fact 
that a great number of data transfers or mathematical operations occur in a short period of time. 

Almost since the inception of computer processors, error detection and correction mechanisms have 
70 been devised to help reduce the risk of inaccurate data transfer and manipulation. Heretofore, one of the 
conventional approaches to ensure data integrity has been to add a code to a data stream prior to 
transferring or arithmetically manipulating it. This approach has proven relatively successful, but only for 
certain types of operations. 

One of the earliest methods for detecting errors during data transfers, for example, was the parity check 
75 code. A binary code word has odd parity if an odd number of its digits are 1 ! s. For example, the number 
1011 has three 1 digits and therefore has odd parity. Similarly, the binary code word 1100 has an even 
number of 1 digits and therefore has even parity. 

A single parity check code is characterized by an additional check bit added to each data word to 
generate either odd or even parity. An error in a single digit or bit in a data word would be discernible since 
20 the parity check bit associated with that data word would then be reversed from what is expected. Typically, 
a parity generator adds the parity check bit to each word before transmission. This technique is called 
padding the data word. At the receiver, the digits in the word are tested and if the parity is incorrect, one of 
the bits in the data word is considered to be in error. When an error is detected at a receiver, a request for 
a repeat transmission can be given so that the error can be corrected. Only errors in an odd number ^of 
25 digits can be detected with a single parity check, since an even number of errors results in the parity 
expected for a correct transmission. Moreover, the specific bit in error cannot be identified by the parity 
check procedure as hereinabove described. 

A more sophisticated error detection system was later devised. Data words of a fixed length of bits 
were grouped into blocks of a fixed number of data words each. Parity checks were then performed 
30 between different data words as well as for each individual data word. The block parity code detected many 
patterns of errors and could be used not only for error detection, but also for error correction when an 
isolated error occurred in a given row and column of the matrix. While these geometric codes were an 
improvement over parity check bits per se. they still could not be used to detect errors that were even in 
number and symmetrical in two dimensions. 
3$ After parity check codes and geometric codes were devised, a code was invented by Hamming, after 

whom it is named. The Hamming code is a system of multiple parity checks that encodes data words in a 
logical manner so that single errors can be not only detected but also identified for correction. A transmitted 
data word used in the Hamming code consists of the original data word and parity check digits appended 
thereto. Each of the required parity checks is performed upon specific bit positions of the transmitted word. 
40 The system enables the isolation of an erroneous digit, whether it is in one of the original data word bits or 
in one of the added parity check bits. 

If all the parity check operations are performed successfully, the data word is assumed to be error free. 
If one or more of the check operations is unsuccessful, however, the single bit in error is uniquely 
determined by decoding so-called syndrome bits, which are derived from the parity check bits. Once again, 
45 only single bit errors are detected and corrected by use of the conventional Hamming code. Double bit 
errors, although detectable by the Hamming code, are not correctable. 

The Hamming code is only one of a number of codes, generically called error correcting codes 
(ECC's). Codes are usually described in mathematics as closed sets of values that comprise all the allowed 
number sequences in the code. In data communications, transmitted numbers are essentially random data 
so patterns which are not related to any predetermined code set. The sequence of data, then, is forced into 
compliance with the code set by adding to it at the transmitter, as hereinabove mentioned. A scheme has 
heretofore been developed- to determine what precise extra string to append to the original data stream to 
make the concatenation of transmitted data a valid code. There is a consistent way of extracting the original 
data from the code value at the receiver and to deliver the actual data to the location where it is ultimately 
used. For the code scheme to be effective, it must contain allowed values sufficiently different from one 
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another so that expected errors do not after an allowed value such that it becomes a different allowed value 

° fth A^c»c redundancy code (CRC) consists of strings of binary data evenly divisible by a generator 
polynomial, which is a selected number that results in a code set of values different enough from one 
another to achieve a low probability of an undetected error. To determine what to append to the string of 
original data, the original string is divided as it is being transmitted. When the last data bit is passed, the 
remainder from the division is the required string that is added since the string including the remainder is 
evenly divisible by the generator polynomial. Because the generator polynomial is of a known length, the 
remainder added to the original string is also of fixed length. 

At the receiver, the incoming string is divided by the generator polynomial. If the incoming string does 
not divide evenly, an error is assumed to have occurred. If the incoming string is divided by the generator 
polynomial evenly, the data delivered to the ultimate destination is the incoming data with the fixed length 
remainder field removed. • '•. . . . 

It has been found, however, that appending or concatenating a code to data to be transferred or 
arithmetically manipulated is burdensome, requiring additional and often extensive logic to accomplish. 
Moreover, the time required to generate the code on the transferring end and to decode and venfy the code 
on the receiving end is. in certain cases, unacceptable. In the case of data manipulation and verification of 
proper ALU operation especially, additional codes result in inefficient performance. 

Moreover the aforementioned error detection and/or correction systems have been used most generally 
in transmitting and receiving data, rather than in acting on data mathematically. Thus, the communications 
channels were tested, but the computing engines were not. Techniques for correcting errors in anthmetic 
operations have conventionally been relegated merely to reperforming the same operations on the same 
processor or on other processors. . . 

Finally due to an inevitable comparison step in the detection cycle of the processes of the pnor art. 
correction 'of enors could occur only some appreciable time thereafter - an untenable situation for high 

speed processing units. »i_ * 

It would be advantageous to provide a system for detecting errors in arithmetic operations w.thput the 
need of composing and decoding a code appended to a data stream. 

It would also be advantageous to provide a system for detecting and correcting errors in arithmetic 
operations by using a minimum amount of logic. w »• 

It would also be advantageous to provide a system for detecting and correcting errors in arithmetic 
operations in a short period of time (e.g., one or two clock cycles). • 

It would further be advantageous to provide a system for detecting and correcting errors in anthmetic 
operations that would provide a signal indicating that an error occurred therein, while the results of such 
arithmetic operations could nevertheless be corrected automatically. 

It would also be advantageous to provide a system for preempting incorrect results of an arithmetic 
operation with correct results therefor. 

It would also be advantageous to provide a system for detecting and correcting errors in anthmetic 
operations in which two arithmetic logic units could calculate the arithmetic operation independently and by 
different techniques, thus arriving at verifiable accurate results. 

Accordingly, there is described herein apparatus for performing a method of detecting and correcting 
errors in one clock cycle that occur during arithmetic operations of at least two operands. Specifically, two 
operands are operated on to obtain a result. The digits of the result are added to one another. This adding 
step is repeated until a first single digit is achieved. The digits of each of the operands are added to one 
another to obtain an intermediate sum. The digits of the intermediate sum, in turn,. are added to one 
another Once again, this operation is repeated until a second single digit is achieved. The first single digit 
number is compared with the second single digit number and a signal indicative of error is generated if the 
comparison is unsuccessful. ^ • 

In order to correct the error, the digits of each of the operands are added to one another to obtain an 
intermediate sum. Sequentially, a digit is subtracted from the partial sum of the remaning digits of each of 
the operands. The results of the subtraction for each operand are added to one another at the end of each 
sequential cycle to obtain a set of arguments, each of which is subtracted from the intermediate sum to 
obtain a set of partial differences. The partial differences are concatenated to obtain a transitional value. By 
eliminating certain digits, a correct value of the arithmetic operation is obtained. 

One example of the present invention will now be described with reference to the accompanying 



drawings, in which: 

FIGURE 1 is a block diagram of a self-checking unit embodying the present invention: 
FIGURE 2 is a block diagram of the error detection and correction units shown in FIGURE 1; 
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FIGURE 3 is a block diagram of the BCD adder shown in FIGURE 2; 
FIGURE 4 is a block diagram of the BCD compression unit shown in FIGURE 2; and 
FIGURE 5 is a timing diagram depicting system operation. 
Referring now to FIGURE 1 , there is shown a block diagram of a self-checking unit, 
s A data line 10 transmits a DBO data signal representative of a first operand and another data line 12 

transfers a DB1 data signal from a second operand. The 16-bit signals transmitted over lines 10 and 12 are 
applied to an arithmetic logic unit (ALU) 14, the operation of which is described in further detail hereinbelow. 
The ALU 14 can be any general purpose 16-bit processor, such as a Model No. 29116 microprocessor 
manufactured by Advanced Micro Devices, Inc. The data signals over lines 10 and 12 are also applied to an 
to error detection and correction (EDC) unit 16. ; • ' ■ . . . 

The output of ALU 14 is also applied over a 16-bit line to EDC unit 16, but is delayed for a penod of 
time due to the performance of arithmetic calculations within the ALU 14. The EDC unit 16 is electncally 
connected to a comparator 20 over a pair of 4-bit data lines 22 and 24. The comparator 20 may be any 4- 
bit comparator, such as Model No. SN54585 manufactured by Texas instruments. Inc. 

The output from comparator 20 is applied to a 16-bit data selector 26. The comparator 20 generates a 
one bit status signal over line 30. Also applied to the data selector 26 is an output signal from ALU 14 over 

i,ne Thus, the error detection and correction subsystem, shown in phantom in FIGURE 1 , comprises three 
components: the EDC unit 1 6, the comparator 20 and the data selector 26. 

As mentioned, the comparator 20 generates a status signal over line 30. The status line 30 is applied 
not only to the data selector 26, as previously mentioned, but also to an error flag, not shown, over line 34. 
The error flag status is input to a status register, not shown, for further processing. 

The output of data selector 26 is a 16-bit signal over fine 36 sent to a microprocessor system, not 

Sh0> At this point it would be most helpful to understand the theoretical principles on which the present 

invention is based. 

Consider two 2-digit numbers or operands to be added: 

49 and 68 



75 



20 



25 



30 



35 



By vertical (standard) addition: 49 

+68 

The result is 117 



40 



Let operand 49 be represented by the variable X. 
X = (x, x 2 ) where xi =4andx 2 - 9. the individual digits. 

In' the foregoing and all subsequent equations herein, equal signs < = ) do not necessaniy indicate 
mathematical equivalence or identify, but are used for purposes of this disclosure merely as a convenient 
symbolic convention. 

Let 68 be represented by the variable Y. 
Y = (yi,y 2 ) where yi = 6 and y 2 = 8 

Since X + Y = 117, standard vertical addition can be represented as: 
45 (xi +yi) + (x2 + y2) * 117 (eq. 1) 

However, adding the digits of operand X, xi and x 2 . results in: 
xi +x 2 * 13 

and adding digits yi and y2 results in: yi +y 2 = '14. 
(xi+x 2 ) + (yi+y 2 ) * 13 + 14 * 27 (eq. 2) 
so Equation 1 is obviously not equal to equation 2. 

From equation 1. the digits of value 117 can be reduced to the following single digit: 
1+1 +7 = 9 (eq. 1a) 

From equation 2, value 27 can be reduced to: 
2 + 7 = 9 (eq. 2a) . 
ss Equations 1a and 2a result in equal, single digits. 

A greater number of digits and/or larger digits in either the operands or the result require iterative 
adding operations eventually resulting in a single digit value. For example, the digits of 68.879. added to 
one another results in 38, the sum of the digits of which is 11. the sum of the digits of which is the single 
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difl it2 Thus three additions of digits are required to reduce 68.879 to an ultimate ~ • , 



shown below. 

Let X = 32 and Y - 42. 

to 32 

x42 
1344 



75 



20 



25 



30 



35 



1344 = 1 +3 + 4+4 = 12 = 1 +2 = 3 (eq. 3) ^ ^ ax 

Horizonilly, 32 3 + 2 ^ 5. and 42 » 4 + 2 - 6 5x6 » 30 = 3+0 - 3 (eq. 4) 
Eauation 3 = Equation 4 . . 

This mathematical principle can be extended to subtraction and dms.on. 
For example, 38 divided by 13 results in: 38/13 = 2 remainder 12 

2 + (12) = 2 + (1 +2) = 5 (eq. 5) 

The digits of the dividend reduce as follows: 

38 = 3 + 8 = 11 

The digits of the divisor reduce as follows: . 

13 = 1+3 = 4 . 
11/4 = 2 remainder 3 2 + 3 - 5 (eq. 6) 

Equation^ ^ u ^ 6 d . p ^ ^ operation mos t frequently performed is addition, 

*• ti'^^^p^^ rss «-»«*■«. « " ,anipu,a ^ resu " s , 

other than 117; say, for example, 100. 



46 



SO 



55 



49 
+68 

100(??) 

(Xl+ ,n yi ^d + ance 'wH? present invention, the horizontal addition and reduction of each operand is 
performed as follows: 

(Xr + X2) + (yi+Y2) - 4 + 9 + 8 + 6 = 27 (eq. 7) ^ 
Subtracting the digits from one another results m: 

xi-x 2 = 4-9 = -5 
Yi-y 2 = 6-8 = -2 
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Adding the results: 
(x,-x 2 ) + (Yt-Y 2 ) * -7 (eq. 8) 

Equation 7 - equation 8 results in: 
2x 2 "+ 2y 2 = 18+16 = 34 
5 x 2 + Y2 = 17 (eq. 9) 

Equation 7 + equation 8 results in: 
2xi+2yi = 8+12 = 20 
xt +yi = 10 (eq. 10) 

For base 10 additions, the results of equations 9 and 10 respectively are: 
w carry i(Ci) and (x 2 + y 2 ) (i.e., 7 with 1 carry) . 
carry 2 (C 2 ) and (xi + yi) (i.e.. 0 with 1 carry) 

Thus, (xi +yi) + (X2 + y 2 ) can be represented in tabular form as: 



75 



20 



25 



30 



C 2 ; X l+ Y l C l x 2+ y 2 
1 0 1 7 

By shifting the carry location (Ci ) to the left, the tabular result is: 

C 2 X l+ Y l C l X 2+ Y 2 



Eliminating zero values in carry columns (Ci) results in 117. which is the correct result. 
The erroneous result (100) can now be replaced with the true answer (117), without performing the 
same vertical, conventional addition again that resulted in the original error. 

As another example, consider two 3-digit numbers to be added to one another. 



418 X=(x 1# x 2# x 3 ) 
35 ; +856 Y^Y^Y^y^ 

1274 X + Y 

Assume an ALU arrived at the erroneous result 
40 X + Y = 1018(7?) 

Horizontal summation of the digits of both operand yields: 
xi + x 2 +x 3 +yi + y 2 + y 3 = 4+1+8 + 8 + 5+6 ■ 32 (eq. 11) 

Selective subtraction of one corresponding digit in each operand yields: 
(xi +x 2 -x 3 ) + (yi +y 2 -y 3 ) * <-3) + (7) = 4 (eq. 12a) 
46 (x,-x 2 +X3> + (yi-Y 2 +y 3 ) = (11) + (9) = 20 (eq. 12b) 
(-xt +x 2 +x 3 ) + (-yi +y 2 +y 3 ) = (5) + (3) = 8 (eq. 12c) 

Equations are subtracted from one another to arrive at column values for the carry table: 
Eq. 11 - eq. 12a = 2x 3 + 2y 3 = 28 x 3 +y 3 = 14 (eq. 13a) 
Eq. 11 - eq. 12b = 2x 2 + 2y 2 * 12 x 2 +y 2 =6 (eq. 13b) 
50 Eq. 11 - eq. 12c = 2xi + 2yi = 24 xi +yi =12 (eq. 13c) 

The tabular form of the sum of each corresponding digit in the two operands is as follows: 



55 



C l X l+ Y l" C 2 X 2 Y 2 C 3 X 3+ y 3 
1 2 0 6 1 4 
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Left shifting the carry locations (C 2 and Ca) yields the following result: 

C 1 "l**! C 2 x 2+*2 C 3 X 3+ Y 3 



Eliminating zero values in carry columns (C 2 and C 3 ) results in 1274, which is the correct result. 

Referring now again to the method and apparatus of the present invention. FIGURE 2 shows a block 
diagram of the error detection and correction unit 16 (FIGURE 1). 

Data line 10 applies DBO signal to a binary to binary coded decimal (BCD) decoder 50. which accepts a 
16-bit signal and converts the binary code therein to BCD values. The BCD decoder 50 operates as a look- 
up table and can be fabricated, as is well known in the art, from any programmable device suitable for this 

purpose. . 

Data signal DB1 over line 12. carrying a binary value representative of the second operand, is input to a 
data selector device 52 which also accepts a signal from line-18. which signal is representative of the output 
of ALU 14 (FIGURE 1). The data selector 52 is a multiplexer which selects one input signal 12 or the other 
input signal 18 and applies it to another binary to binary coded decimal decoder 54 over 16-bit data line 56. 

The output signals of BCD decoders 50 and 54 are applied to a BCD adder 58 over 20-bit data lines 60 
and 82 respectively. BCD adder 58 is described in greater detail hereinbelow. Output lines 60 and 62 are 
20-bit lines whereas input lines 10, 12 and 18 are 16-bit lines because 16 bits of binary information require 
20 bits when represented in BCD format BCD adder 58 has provision for inputting a carry-in value 59. but 
this is preset and always fixed at level zero for purposes of the present invention. 

The output signal of BCD adder 58 is applied to a 20-bit latch 64 over data line 66. The output signal of 
latch 64 is applied to a BCD to binary decoder 68 over data line 70. 

The output signal of BCD decoder 50 is applied not only to BCD adder 58. as mentioned, but also to a 
data selector 72 over line 74. The output signal of data selector 72 is applied to a BCD compression unit 
76 described in greater detail hereinbelow. over a 20-bit data line 78. Also applied to BCD compression 
unit 76 over a 20-bit data line 80 is the output signal of BCD decoder 54. BCD compression unit 76 has 
provision for inputting a carry-in value 77. but this is preset and always fixed at level zero for purposes of 

the present invention. . ■ aA ' 

BCD compression unit 76 generates a signal which is applied to a latch 82 over 4-bit data line 84. The 
output signal of latch 82. as well as the direct output signal from BCD compression unit 76. is applied to 
comparator 20 over 4-bit data lines 22 and 24. respectively. As mentioned above, the output signal of 
comparator 20 is applied to data selector 26. The output signal of binary decoder 68 is also applied to data 
selector 26 over 16-bit data line 86. n 

Referring now also to FIGURE 3. there is shown a block diagram of the BCD adder 58. shown in 
FIGURE 2 The input lines to the BCD adder 58 are shown as reference numerals 60 and 62. Each of these 
lines 60 and 62 is a 20-bit data line. The BCD adder 58. therefore, is a 20-bit BCD adder, the output signal 
of which is generated over data line 66. " ' „„' „„ — . ^ „ 

The 20-bit BCD adder 58 comprises five 4-bit BCD adder units 100. 102. 104. 106. 108. The 4-bit units 
100-108 are connected to one another by suitable means known in the art and shown in FIGURE 3. They 
are connected to input lines 60 and 62 and to output data line 66. 

Referring now also to FIGURE 4 there is shown a block diagram of the BCD. compression unit 76 
(Figure 2). Binary coded decimal compression unit 76 performs horizontal additions of the digits in each of 
the operands, in accordance with the mathematical principles as hereinabove described. 

The 20-bit data lines 78 and 80 are input into compression unit 76 and are applied over two networks of 
-signal lines, shown generally as reference numerals 112 and 114 to 20-bit BCD adders 120 and 122. BCD 
compression unit 76 comprises two BCD adders 120 and 122 that are identical to the BCD adder 58 shown 
in RGURE 2. The difference of operation is based solely on the configuration of the BCD adders 120 and 
122 and their associated networks 112 and 114. 

Moreover, the output signal from each of the BCD adders 120 and 122 is fed back to the data line 
networks 1 12 and 1 14. This operation results in output signals C 0-C 19 and C0-C19 of the BCD adders 120 
and 122 respectively, that are representative of a compressed 4-bit output. The compressed signal is 
applied to data selector 124 over the pair of 4-bit data lines 126 and 128. The output signal of data selector 
124 is eventually applied to comparator 20 (RGURE 2) over 4-blt data line 84. 

Referring now also to FIGURE 5 there is shown a timing diagram in which a clock signal CK has a 
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leading edge shown at reference numeral 101 which occurs when ALU 14 (FIGURE 1) begins arithmetic 
operations. The ALU 14inittates operation on the operands by means of signal lines 10 and 12. During the 
first half of the CK signal cycle, designated as letter A in the FIGURE, ALU 14 computes the addition of the 
operands or performs some other arithmetic manipulation. At this time, BCD adder 58 within EDC unit 16 

5 also begins arithmetic operations. Also, BCD compression unit 76 performs a compression operation to 
arrive at a 4-bit compressed value representative of the horizontal sum of both of the operands. 

At point 102, ALU 14 generates an output signal that provides the result of its operation. The output 
signal is generated on data lines 18 and 32. During time period B. ALU 14 continues to generate a resultant 
signal output on data lines 18 and 32. 

io At point 103 in the cycle, the next ALU operation on operands is initiated. 

Shown in the timing diagram of FIGURE 5 is a CK signal which is an antiphasal complement of the 
clock CK cycle. Thus, ALU 14 operates on the basis of the CK cycle whereas EDC subsystem operates on 
the basis of the CK clock cycle. At the end of the positive half of the CK signal, the result of the arithmetic 
operations that occur in ALU 14 are available over data lines 32 and 18 (FIGURE 1). 

75 At point 104, the CK signal cycle is initiated. Point 104 occurs at the same time as point 101. The signal 
representative of the value of an operand on data line 10 is input to BCD decoder 50. At the same time, the 
operand represented by a signal on data line 12 is enabled onto signal line 56 by means of data selector 
52, port 0. 

During time period C, the BCD equivalent of the operand on signal line 10 drives signal lines 60 and 74, 
20 providing inputs to BCD adder 58, port A, and data selector 72. port 0. The output signal of data selector 72 
drives signal line 78 and Is input to BCD compression unit 76, port B. The BCD equivalent of the operand 
value that is transmitted on data line 56 drives data lines 62 and 60, providing input to BCD adder 58. port 
B, and BCD compression unit 76, port A. 

BCD adder 58 computes the BCD addition of the operands on data line 60 and- 62. The output signal of 
25 BCD adder 58 is transmitted on data line 66, which is then input to latch 64. the latch 64 being in a 
transparent mode. BCD compression unit 76 performs the horizontal BCD addition or other arithmetic 
manipulation of the two operands on data lines 80 and 78. The BCD compression unit 76 generates a signal 
representative of the foregoing arithmetic manipulation over 4-bit data line 84, which is applied to latch 82 in 
a transparent mode. 

30 At point 105 in the CK clock cycle, the value representative of the operand on data line 66 is latched by 
latch 64 as output to data line 70 and input to binary decoder 68. The value representative of the operand 
on data line 84 is latched by latch 82, applied to data line 22 and input to comparator 20. ALU 14 generates 
an output signal over data line 18, which is enabled onto data line 56 by means of data selector 52, port 1. 
A zero operand is enabled onto data line 78 by means of data selector 72, port 1. 

35 During time period D, the BCD equivalent of the value representative of the operand on data line 56 
drives data line 80, providing an input to BCD compression unit 76, port A. A zero operand is input to BCD 
compression unit 76, port B. 

BCD compression unit 76 performs the horizontal BCD addition or other arithmetic operation of the 
operands on data lines 80 and 78 generates the 4-bit result representative of a single digit on data line 24, 

40 which is the second input to comparator 20. Binary decoder 58 converts the BCD value representative of 
the operand on data line 70 to its binary equivalent and generates a result on data line 86, the second input 
to data selector 26. 

Also during this time interval D, comparator 20 generates a 1-bit status signal onto data lines 30 and 34. 
This status signal represents the result of the comparison of the operands on data lines 22 and 24. The 
45 status signal 30 is input to data selector 26, which passes one of the operands on data lines 32 and 86 to 
its output data line 36. 

At point 106, the next operation for EDC 16 is initiated. The operand on data line 36 and error flag 34 
are latched into the microprocessor system, not shown. 

It can be seen that BCD compression unit 76 operates twice within one clock cycle, the first time to 
so perform a horizontal adding and compression and the second time to perform the compression for the 
output of ALU 14. The resultant signals that are applied to data lines 22 and 24, therefore, represent the 
compressed value of the horizontal and the compressed value of the ALU output signals respectively. 
Comparator 20 performs a comparison of these two compressed signals during the latter half of the positive 
half cycle of the CK signal. 

55 Since other modifications and changes varied to fit particular operating requirements and environments 
will be apparent to those skilled in the art. the invention is not considered limited to the example chosen for 
purposes of disclosure, and covers all changes and modifications which do not constitute departures from 
the true spirit and scope of this invention. 
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Claims 

1. A method for detecting errors in arithmetic operations of at least two operands, each operand having 

at least one digit, the steps comprising: 

(a) operating on two operands to obtain a result; 

(b) adding the digits of said result to one another; 

(c) repeating step (b) until a first single digit is achieved; 

(d) adding the digits of each of said operands to obtain an intermediate sum; 

(e) operating on the digits of said intermediate sum; 

(f) repeating step (e) until a second single digit is achieved; and 

(g) comparing said first single digit number with said second single digit number and generating 
signal indicative of error if said comparison is unsuccessful. • 

2. The method in accordance with Claim 1 wherein said arithmetic operation is addition. 
3 The method in accordance with Claim 1 wherein said arithmetic operation is subtraction. 
4. The method in accordance with Claim 1 wherein said arithmetic operation is multiplication and said 

operations on said digits of said intermediate sum is multiplication. 

5 A method for correcting detected errors in an arithmetic operation of at least two operands without 
repeating said arithmetic operation, each of which operands having at least two digits, wherein either one of 
said two digits can be zero, the steps comprising: 

(a) adding the digits of each of said operands to obtain an intermediate sum; 

(b) sequentially subtracting a digit from the partial sum of the remaining digits of each of said 
operands and adding the results of said subtraction for each operand to one another at the end of each 
sequential cycle to obtain a set of arguments; . , ^ . 

(c) subtracting each of said arguments from said intermediate sum to obtain a set of partial 
25 differences, each of said partial differences comprising a least significant digit and a carry digit; 

(d) dividing said partial differences by the number of operands; 

(e) concatenating said partial differences to obtain a transitional value; 

if) beginning with the least significant carry digit of the transitional value, adding the carry digits to 
the corresponding next adjacent digits to obtain a penultimate value; and 
30 (g) eliminating all but the first and last digits of said penultimate value and eliminating all carry digits 

therebetween to obtain a correct value of the arithmetic operation. 

6 The method in accordance with Claim 5 wherein said arithmetic operation is addition. 

7 The system in accordance with Claim 5 wherein said arithmetic operation is subtraction. 

8 A method for detecting and correcting errors in arithmetic operations of at least two operands without 
35 repeating said arithmetic operation, each of which operands having at least two digits, wherein either one of 

said two digits can be zero, the steps comprising: 

(a) operating on two operands to obtain a result, 

(b) adding the digits of said result to one another; 

- (c) repeating step (b) until a first single digit is achieved; 
40 (d) adding the digits of each of said operands to obtain an intermediate sum; 

(e) operating on the digits of said intermediate sum; 

(f) repeating step (e) until a second single digit is achieved; 

<g) comparing said first single digit number with said second single digit number to determine 
whether an arithmetic operation error occurred; ' • ., ■ ■' . . 

45 (h) sequentially subtracting a digit from the partial sum of the remaining digits of each of said 

operands and adding the results of said subtraction for each operand to one another at the end of each 
sequential cycle to obtain a set of arguments; 

(i) subtracting each of said arguments from said intermediate sum to obtain a set of partial 
differences, each of said partial differences comprising a least significant digit and a carry digit, 
so (j) dividing said partial differences by the number of operands; 

(k) concatenating said partial differences to obtain a transitional value; _ 
(l) beginning with the least significant carry digit of the transitional value, add.ng the carry digits to 
the corresponding next adjacent digits to obtain a penultimate value; and „ Mm 

(m) eliminating all but the first and last digits of said penultimate value and eliminating all carry digits 
55 therebetween to obtain a correct value of the arithmetic operation, so that the detection and correction of 

errors occurs in one clock cycle. 

9 The method in accordance with Claim 8 wherein said arithmetic operation is addition. 
10. The method in accordance with Claim 8 wherein said arithmetic operation is subtraction. 
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11. A method of detecting and correcting errors in an arithmetic operation of at least two operands, the 
steps comprising: 

(a) detecting an arithmetic operation error during a first clock cycle; and 

(b) correcting said arithmetic operation error during said first clock cycle without repeating said 
5 arithmetic operation. 

12. The method in accordance with Claim 11 wherein said arithmetic operation is addition. 

13. The method in accordance with Claim 11 wherein said arithmetic operation is subtraction. 

14. A system for detecting errors in arithmetic operations of two operands comprising: 

(a) calculation means for performing arithmetic operations and for generating a first signal representa- 
io tive of the results thereof, said calculation means having inputs applied thereto corresponding to each of 

said operands; and 

(b) error detection means also adapted to receive said inputs corresponding to each of said operands 
and adapted to receive said first signal from said calculation means. 

15. The system in accordance with Claim 14 wherein said error detection means is also adapted to 
75 generate second, third and fourth signals representative respectively of (i) a compressed arithmetic 

operation result, (H) a compressed calculation means first signal, and (iii) an error corrected value and 
wherein said system further comprises: 

(c) comparing means operatively connected to said error detection means for receiving said second 
and said third signals therefrom and for generating an error signal if said second and said third signals are 

20 unequal. 

16. The system in accordance with Claim 15 further comprising: 

(d) data selection means adapted to receive said first and said fourth signals and said error signal 
and adapted to generate a signal to determine which of said first or said fourth signals is a valid result of 
said arithmetic operation of said operands. 

26 17. The system in accordance with Claim 14 wherein said error detection means comprises a look-up 
table for compressing said first signal. 

18. A computer processor capable of performing and verifying arithmetic operations comprising: 

(a) an arithmetic logic unit (ALU) for receiving signals indicative of operand values, for performing 
arithmetic operations and for generating a signal representative of the result thereof; 

3 0 (b) a logic subsystem operatively connected to said ALU for receiving said ALU result signal 

therefrom, said logic subsystem also being adapted to receive signals indicative of operand values to 
perform arithmetic operations thereon, and comprising compression means for transforming values into a 
first signal representative of said logic subsystem arithmetic operations and into a second signal representa- 
tive of said ALU result signal; and 

35 (c) a comparator for comparing said first and said second compressed signals and for generating an 

error signal when said first and said second compressed signals are unequal. 

19. The processor in accordance with Claim 18 wherein said compression means is a look-up table. 

20. The processor in accordance with Claim 18 wherein said compression means is a binary coded 
decimal (BCD) device. 

40 21 . The processor in accordance with Claim 19 wherein said first and said second signals are four bits. 

22. The processor in accordance with Claim 20 wherein said first and said second signals are four bits. 

23. The processor in accordance with Claim 18 wherein said logic subsystem also generates a third 
signal representative of the correct result of said logic subsystem arithmetic operation. 

24. The processor in accordance with Claim 23 whereby said third signal is generated in the same 
45 clock cycle as said ALU result signal. 
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